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Description 

This invention relates to a squirrel-cage rotor having a rotor core with slots and rotor bars embedded in 

the slots. . 

s Generally, in the squirrel-cage rotor of the above-described type, a laminated rotor core is formed by 
laminating a number of steel sheets each having a plurality of slot forming punched portions previously 
formed in the outer circumference thereof by way of pressing or the like. The rotor bars with integral. end 
rings are embedded in the slots by way of aluminum casting. Such a rotor is described in JP-A-5749357 
In accordance with the above-described construction, magnetic fluxes entering the rotor core from a 

to stator via an air-gap during drive of the rotor contain harmonics. The harmonics in the magnetic fluxes 
cause a harmonic electromotive force in the rotor bars. Such a harmonic electromotive force acts as an 
abnormal torque against the rotor and consequently, induces a pulsating torque or causes vibration or 

noise. . 
Conventionally, the slots in which the rotor bars are embedded are skewed in order that undesirable 

75 influences of the harmonics may be restrained. In this method, when the steel sheets are laminated, the 
positions of the slot forming punched portions of the rotor are slightly deviated circumferentially of the rotor 
in turn. For example, the positions of the punched portions are deviated by one pitch of stator slots in sum. 
As a result, the phases of the electromotive force induced in the rotor bars by the harmonics are deviated 
slightly from portion to portion of one rotor bar. Consequently, the harmonics due to the whole electromotive 

20 force are canceled and occurrence of the abnormal torque is restrained. 

However, the following disadvantages are found in the above-described conventional construction. First, 
specific jigs are needed for adjusting the pitch of the rotor slots when the steel sheets are laminated with 
the slots skewed and the adjustment needs a lot of time. Particularly, when the slots are of the completely 
closed type, a lot of time is needed since the slot positions cannot be visually confirmed from the outer 

25 peripheral side in the state that the steel sheets have been laminated. Accordingly, the production cost of 
the rotor is increased. In skewing the slots, the skewing effect is reduced to a large extent unless an amount 
of skewing is properly set. A proper amount of skewing has not been established in theory and therefore, 
trial manufactures need to be made so that the proper amount of skewing is determined, resulting in 
increase in the production cost 

30 Second, when the rotor bars are usually embedded in the skewed slots of the laminated core, a metal 
such as aluminum needs to be cast into the slots. In this case, defect portions such as a gas pocket occur 
in stepped portions of the laminated steel sheets formed within the slots. Such defect portions unbalance 
the weight distribution of the rotor and therefore, the rotational stability is reduced, particularly, at the time 
of the high speed rotation. 

35 Third, in the case of the conventional rotor with the skewed slots, arrangement and shape of the slots 
formed in both stator and rotor sometimes causes an abnormal torque called "position torque" depending 
upon positions of the stator and rotor relative to each other at the starting. More specifically, when the 
amount of skewing is less than one pitch of the stator slots, the magnitude of torque which the rotor 
receives from the stator at the starting changes in accordance with the position of the rotor. To restrain the 

40 position torque, the above-described amount of skewing is further increased to the value exceeding one 
pitch of the stator slots. Thus, the amount of skewing is increased in accordance with a stop position of the 
rotor, thereby restraining the position torque. However, when the amount of skewing is increased as 
described above, slot sections of the rotor are not effectively utilized. Consequently, the temperature of the 
rotor is increased or the characteristic thereof is lowered. 

45 In order to obviate the above-described defects of the skewed rotor, it has been proposed to gain the 
skewing effect without actually skewing the slots at the time of lamination of the steel sheets. For example, 
Japanese Published Utility Model Reg. Application (Kokoku) No. 52-17045 discloses an opening or bridge 
portion of each slot deviated relative to the slot center line. In this case, however, the theoretical amount of 
deviation is not presented and the skewing effect cannot be gained when the amount of deviation of each 

50 steel sheet is improper. Thus, an optimum value of deviation needs to be gained from experiments when 
the above-described invention is actually applied, thereby increasing the design cost. 

Therefore, an object of th present invention is to provide an improved squirr l-cage rotor wh rein an 
abnormal torque, vibration and noise can suffici ntly be restrained without skewing th slots or with only a 
small amount of sk wing applied to the slots. 

55 Th present invention provides a squirrel-cag rotor comprising a rotor cor formed by laminating a 
plurality of steel sheets each having in the outer circumference thereof a number of slot-forming punched 
portions. For xample. as shown in FIG. 1, each punched portion 2 of ach steel sheet 1 includes a main 
portion 2a and an additional portion 2b ext nded from the main portion 2a toward the outer circumf rence 
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of the rotor and inclined in the direction of either one of two sides of the rotor relative to the position of the 
main portion 2a such that each punched portion has an unsymmetrical configuration. The rotor core RC is 
composed of a plurality of units of the steej sheets C A and C B formed as described above. Two such units 
are shown in FIG. 2. In each unit, the additional portions 2b are inclined in the same direction. The main 

5 portions of both units are piled one upon another and the inclination of the additional portions of one unit is 
opposite to that of the other unit. For example, the steel sheets of the unit C A are laminated such that the 
additional portions 2a are inclined in the left and the main portions 2a are piled one upon another, as 
viewed in FIG. 2. The steel sheets of the unit C 8 are laminated such that the additional portions 2b are 
inclined in the right and that the main portions 2a are piled one upon another, as viewed in FIG. 2. 

io Consequently, the main portions 2a of the steel sheets of both units provide slots 3 axially passing the rotor 
core RC. The unit C A is provided with a cavity defined by the additional portions 2b communicating to the 
slots 3 so as to be inclined in the left, as viewed in FIG. 2. The unit C B is provided with a cavity defined by 
the additional portions 2b communicating to the slots 3 so as to be inclined in the right, as viewed in FIG. 2. 
Furthermore, the slots 3 are parallel with an axis of the rotor and a distal end of each additional portion 2b 

is is deviated from the center line I of each main portion 2a by a distance d satisfying the following expression 
(A) in the direction of the outer circumference of the rotor: 



20 



50 



710 <d< ffD --.(A) 

4( 2 +p) 4(z-p) 



where 

D = rotor diameter 
25 z = the number of stator slots 
p = the number of pole pairs 

According to the above-described construction, the rotor bars may be easily press fitted in the 
respective slots 3 since the portion of the each slot 3 corresponding to the main portion 2a of each punched 
portion 2 is not inclined relative to the axis of the rotational shaft. Even where the rotor bars are formed by 
so the aluminum casting or the like, the stepped portions are not formed on the inner surface of each slot 3 by 
the laminated steel sheets t. Consequently, the occurrence of the defect such as the gas pocket may be 
reduced. 

Based on the following principles, the same effect as obtained in the rotor with the skewed slots may be 
achieved in the rotor in accordance with the present invention and the occurrence of abnormal torque, 

35 vibration and noise with rotation of the rotor may be restrained. 

First, the description is directed to the magnetic fluxes entering the rotor core RC via air-gap from the 
stator side. Suppose now that the flux 4> is entering the one unit C A of the steel sheets of the rotor core RC 
from the stator side through a course shown by a solid tine in FIG. 3. Since the additional portions 2b in the 
respective units C A and C B are inclined in the directions opposite to each other, the course through which 

40 the magnetic flux enters the other unit C B at this time is shown by a broken line in FIG. 3. This means that 
since the magnetic flux 4> is rotating relative to the rotor core RC, an electromotive force e A induced in the 
portion of one rotor bar positioned in the unit C A differs in phase from an electromotive force e B induced in 
the portion of the same rotor bar positioned in the unit C B . The phase difference a (electrical angle) 
depends upon the distance 2d between the additional portions 2b hi the respective units C A and C B -and 

45 more specifically, the phase difference is obtained from the following expression based on a pole pitch t 
presented by the number of pairs of poles p and outer diameter D of the laminated core 1: 



where r=fg 

On th other hand, ach of th indue d voltages e A and e B is represented as a vector quantity as 
shown in FIG. 3. The voltage actually indue d at th rotor bar 4 of the rotor is represented as th sum of 
55 the induced voltages, as e = e A + e 8 . The magnetic flux <f> contains the harmonics and therefore, the induced 
voltages e A and e B also contain the harmonics. However, since the phase difference a is established 
between the indue d voltages e A and e B , th ratio of the harmonics contained in the composite voltage 
differs in accordance with the orders of th harmonics. 
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75 



The skew factor representing the ratio of the harmonics contained in the induced voltage e is 
obtained from the following expression: 

e A +e B 



K__= , ...(2) 



Sn leJ +|e. 



Now, when it is assumed that the two units C A , C B of the steel sheets have the same thickness, the 
10 equation, |e A | = je B t is held and the value of denominator in the expression (2) becomes equal to the length 
2r which is twice as long as the line segment OA. as is conceptually shown by vector in FIG. 4. The vector 
sum in the numerator in the equation (2) becomes equal to the length q of a line segment OB in FIG. 4. 
Substituting the obtained values for the denominator and numerator respectively, 



The phase angle o is increased by n times in the n-th harmonics. Substituting na for a, the skew factor 
20 of the expression (2) is represented as follows: 

K^cosfnatf) (4) 

It is generally known that the harmonics causing the abnormal torque, vibration or noise are produced 
25 by slot harmonics due to the slots of the stator. The order us of the slot harmonics is represented as 
follows: 

us=*±1 (5) 

30 where z = the number of stator slots 

Accordingly, the skew factor in the degree shown by the expression (5) in the case of the present 
invention is obtained from the expression (4). That is, the range of the phase difference a relative to the 
range of the distance d set as in the expression (A) is obtained from the expression (1): 



35 



■TT.P. <ry< TT P 

z+P = = z-p 



(6) 



40 Based on the result of the expression (6). the skew factor in the first order (n = 1) is obtained as 
follows: 

(a) at the lower limit of the phase difference a: 



45 



K - = cos(a/2)= cos 
s 1 



-2LP_ 



2(z+p) 



...(7a) 



50 



(b) at the upper limit of the phase difference a: 



K - s cos 
st 



2<z-p) 



...(7b) 



55 



Generally, since the number z of the stator slots is larger than that of the pole pairs p, for example, 
z = 48 wher p = 2, the value of ach of the xpressions (7a) and (7b) approximates to 1 . 
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On the other hand, the skew factor JC* due to th us-th harmonics shown by the expression (5) is 
obtained at both lower and upper limits of the distance d as follows: 

Considering the general case where the number z of the stator slots is larger than the number p of the 
pole pairs, as in the above-described case: 

^COS(7r/2) = 0 (9) 



As a result, the skew factor for the us-th harmonics ill-affecting the rotor such as presented by the 
expression (5) may be approximated to zero. Accordingly, the skew factor may be approximated to 1 for 

75 the primary components of the voltages induced in the rotor bars, the primary components effectively 
acting as torque. Furthermore, the induced voltages containing the us-th harmonics causing the abnormal 
torque, vibration or noise may be reduced as much as possible, which produces the same effect as in the 
case where the rotor slots are skewed. 

TABLE 1 shows the results of calculation of the skew factor introduced as described above, in 

20 accordance with various conditions. TABLE 1 also shows the values obtained in the case where the rotor 
slots are skewed conventionally and the skew factor K^' in this conventional case is given by the following 
expression: 

K "= sin(ntt/2) -..(10) 
sn na/2 ' 



As understood from the following TABLE 1, the distance d in the range of the expression (A) takes the 
30 value as large as 0.6 or above when the rotor slots are skewed conventionally, while, in the present 
invention, the distance d takes the value of 0.1 or below or its approximate value, which shows that a 
sufficient skewing effect is obtained. 



35 



40 



45 



50 
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TABLE 1 



Distance d 






n D 




4 z 


4 (z + p) 


4 (z-p) 


Phase dif- 
ference a 




( Z / P)+ 1 


71 

(z/p)- 1 


Order n 


1 


Us + 


Us ' 


1 


Us + 


Us' 


1 


Us + 


Us' 


z-48 Ksn 
P-2 K sn* 


0.998 
0.999 


0.065 
0.61 


0.065 
0.663 


0.998 
0.999 


0 

0.637 


0.125 
0.687 


0.998 
0.999 


0.136 
0.58 


0 

0.637 


z-36 Ksn 
P" 1 K sn' 


0.999 
0.999 


0.0436 
0.619 


0.0436 
0.654 


0.999 
0.999 


0 

0.637 


0.085 
0.67 


0.999 
0.999 


0.0696 
0.599 


0 

0.637 


z-72 Ksn 
P- 3 K sn' 


0.998 
0.999 


0.0654 
0.609 


0.0654 
0.663 


0.998 
0.999 


0 

0.637 


0.125 
0.687 


0.998 
0.999 


0.136 
0.58 


0 

0.637 


z-48 sn 


0.999 
0.999 


0.0327 
0.623 


0.0327 
0.649 


0.999 
0.999 


0 

0.637 


0.064 
0.61 


0.999 
0.999 


0.067 
0.609 


0 

0.637 


where L -cos(^f-) , K ' --f— — 2_ 
sn 2 sn ^ not j 

As *-f- +1, Us --f -1 



According to the present invention, the mechanical skewing may be used together in the above- 
described construction. FIG. 5 shows a conceptual construction for that purpose. The rotor core RC 
comprises two units C x and Cy of the steel sheets and each unit is composed by laminating a plurality of 

40 steel sheets each having the same configuration as shown in FIG. 1. The main portions 2a of the steel 
sheets of both units are piled up one upon another and the additional portions 2b of one unit and those of 
the other unit are inclined in the directions opposite to each other relative to the center line of the main 
portion 2a. The main portions 2a of the steel sheets of both units provide the slots 3 formed through the 
rotor core RC. The additional portions 2b- of the- steel sheets of the unit G* provide the cavities 

45 communicating to the respective slots 3 and inclined in the left and those of the unit Cy provide the cavities 
communicating to the respective slots 3 and inclined in the right. Each unit is formed by laminating the 
steel sheets such that each slot 3 is skewed by a predetermined amount in the same direction and each 
slot of the rotor core RC is skewed by the distance g as a whole. 

Based on the principles described below, the above-described construction achieves the skewing effect 

so more than obtained by the conventional construction that each slot of the rotor core formed by laminating 
the steel sheets is skewed only by the distance d. Consequently, the abnormal torque, vibration or noise 
caused with drive of the rotor may be restrained as much as possible and furthermore, the position torque 
may also be reduced. More specifically, the above-described construction provid s both th skewing effect 
obtained from the mechanical skewing (which effect will hereafter b referr d to as "m chanical skewing 

55 effect") and the skewing effect by the configuration of the slots 3 as described above (which effect will 
hereafter be ref rred to as "magnetic skewing effect"), resulting in such a skewing effect as mentioned 
above. 
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Describing the principles, first, the magnetic skew factor Ksn' is obtained and the mechanical skew 
factor K sn " is then obtained with reference to FIG. 6. The skew factor as the sum of the magnetic skew 
factor Ksn' and the mechanical skew factor K^" is obtained and the skewing effect is described. 

(A) magnetic skew factor K^': 

5 Since the magnetic skew factor K^' results from the construction shown in FIG. 2, it is represented by 
the expression (4) as described above: 

Ksn^COSfna^) (11) 

(B) mechanical skew factor K^": 

10 FIG. 6 shows a rotor core formed of steel sheets each having slot-forming punched portions and the 
slots are skewed. The amount of skewing is represented by g. Since the skewing is mechanically 
performed, the phase of the magnetic flux changes on the center line I of the slot 5 depending upon the 
axial direction thereof. When the phase difference between both ends of the rotor core is represented by 6 - 
(electrical angle), it is represented with respect to the skewing amount g as follows: 

75 

0 = f (12) 
where r =f° 

The voltage e induced at the rotor bars is obtained from the vector diagram of FIG. 7. The induced 
20 voltage e is represented as the length of a chord OC as the result of composition of vectors the directions 
of which are in turn turned to form an arc S by the mechanical skewing. Where the length of the arc OC is s 
and the length of the chord OC is t, the skew factor K^" is represented as follows: 



*s 2R'sin(f) sin(f) 

V - 4" = = — — — ...(13) 

s s R'e JL 

2 



30 



The phase angle B is n-times as large in the case of the n-th harmonics. Substituting no for e, the skew 
factor Ksn" shown by the expression (13) is represented as follows: 

35 

sin(l£) 

K sn ,= -nff —< 14 > 

2 

40 

(C) skew factor in the present invention: 

The skew factor may be represented as composition of the above-described two. Based on the 
vectors in FIGS. 4 and 7, the skew factor !<„, is represented as follows: 

45 

2R r sin(|) R'sin(f) 
t 2 ^ 
K=^ = = ...(15) 

4Rsin{§) 2Rsin(|) 

50 

As the sam rotor core RC is considered, the length q of the line segment OB is equal to the length s 
of the arc OC and consequently, the following r lationship holds: 

55 

Rl= 2Rsina ...(16) 
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Accordingly, substituting the expression (16) for the expression (15), 



2R|ina. sin{ |) sin(|) 

K s = = COS( ? ) g .-.(17) 

2Rsin(2> ~y 



10 Consequently, comparing the expressions (3) and (13), the skew factor Ks in the present invention is 
represented as follows: 



K s = K s f .K s " (18) 



/5 That is, the skew factor K, may be represented as the product of both of the skew factors. 

Each of the phase angles a and d is n times as large in the case of the n-th harmonics. Substituting the 
expression (16) for the expression (17) and comparing the expressions (11) and (14), the following 
expression is obtained: 



20 



25 



sin<^£) 



K sn= cos <¥> W— - K sn'- K sn" '•• (19 > 



It is well known in the art that the harmonics tending to cause the abnormal torque, vibration or noise 
are the slot harmonics due to the stator slots. The order us of the slot harmonics is represented as follows: 



us=*±1 (20) 

where z = the number of stator slots 

Accordingly, the value of the skew factor Ks„ in the degree shown by the expression (20) in the present 
invention is obtained from the expression (19). More specifically, the range of the phase difference a with 
respect to the range (A) of the set distance d is obtained from the expression (1 ): 



JL£L_ <ct< _!lIL 



2+p — = Z-p 



...(21 ) 



40 



Based on the result of the expression (21), the skew factor in the first order (n = 1) is obtained as 
follows: 

(a) at the lower limit of the phase difference a: 



45 



50 



sin(i) 

K si = cos( | ) — e — = cos 



(b) at the upper limit of the phase difference a: 



trp 



sin(§> 

9 
2 



...(22a) 



55 



K s1 = cos 



JUL 



2(z-p) 



sin(f) 

9 
2 



...(22b) 
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Since the number 2 of th stator slots is gen rally larger than that of the pole pairs p, for example, 
z=48 where p=2, the value of each cosine term of the expressions (22a) and (22b) approximates to 1. 
Further, since the value of 0 is generally small, the values of the other terms approximate to 1. As a result, 
the value of each of the expressions (22a) and (22b) approximates to 1. 
5 On the other hand, the skew factor due to the ns-th harmonics shown by the expression (20) is 
obtained at both lower and upper limits of the distance d as follows: 



U(Z±p) 

K = cos \ \ r 
sn 2z ^ 



Since the number 2 of the stator slots are usually larger than the number p of the pole pairs, the value 
75 of the cosine term of the expression (23) may be approximated to 0 as follows: 



...(23) 



cos 



20 



7T(Z±P ) 
22 



= cos(j) = 0 



...(24) 



Accordingly, the value of the expression (24) representing the skew factor with respect to the us-th 
harmonics having a bad influence upon the rotor may be approximated to zero independently of the value 
25 of phase difference 0 corresponding to the magnitude of the mechanical skewing. More specifically, the 
skew factor may be approximated to 1 with respect to the primary component of the voltage induced at the 
rotor bars, the primary component effectively acting as the rotational force of the rotor. Furthermore, the 
skew factor may be approximated to zero with respect to the us-th harmonics causing the abnormal torque, 
vibration or noise. 

30 The position torque caused depending upon the positions of the stator and rotor relative to each other 
at the starting will now be described. 

First, substituting the mechanical skewing amount g and the phase differences a, e represented by the 
respective expressions (1) and (12) for the expression (19), the skew factor Ks„ is obtained: 



35 



sin(^) 
,2npcL D 
K = cos( — •- 



sn 



D 



..(25) 



Assuming that a skewing amount h is necessary when the conventional skewing is applied to the rotor 
core RC shown by FIG. 6 to reduce the position torque, as is shown by FIG. 8(a), a skewing amount g 
necessary to obtain the approximately same effect in the present invention is represented by FIG. 8(b) and 
the following relationship is obtained from the construction in FIG. 8(b): 

g = h-2d (26) 



More specifically, the necessary skewing amount in the present invention is smaller by 2d than in the 
case where only the mechanical skewing is applied to the rotor core RC. Now, consider the case where the 
50 construction shown in FIG. 8(a) necessitates a mechanical skewing amount h amounting to one pitch of the 
stator slots or above. For example, where d = (wD)/(4z), the skewing amount g in the present invention is 
obtained: 

(27) 

55 

TABLE 2 shows the values of the skew factor K« n introduced as described above, in accordance with 
various conditions. TABLE 2 also shows the values of the skew factor K^' obtained based on the 
expression (11) in the case wher only the magnetic skewing is applied to th rotor cor and those of the 
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skew factor K^" obtained based on the expression (14) in the case where only the mechanical skewing is 
applied to the rotor core. 



TABLE 2 



Distance d 








n D 






4 z 




4 (z + p) 




4 (z- 


P) ■ 


Phase dif- 








n 


n 


ference a 




-P 
z v 




( z / P)+ 1 




(z/P)~ 


1 


Distance g 


n D 
2 z 


Phase dif- 
terence « 


*p 
z K 


Order n 


1 


Us* 


Us' 


1 


Us* 


Us' 


1 




Us' 


2-48 sn 

P* 2 K ' 

sn 


0.997 
0.998 


0.040 
0.065 


0.043 
0.065 


0.997 
0.998 


0 
0 


0.083 
0.125 


0.997 
0.998 


0.083 
0.136 


0 
0 


sn 


0.999 


0.610 


0.663 


0.999 


0.610 


0.663 


0.999 


0.610 


0.663 


z-36 sn 
P" 1 K sn' 


0.998 
0.999 


0.027 
0.0436 


0.029 
0.0436 


0.998 
0.999 


0 

0 


0.056 
0.085 


0.998 
0.999 


0.055 
0.0896 


0 
0 


K sn' 


0.999 


0.619 


0.654 


0.999 


0.619 


0.654 


0.999 


0.619 


0.654 


(3) K sn 
z-72 sn 

P" 3 K sn' 


0.997 
0.998 


0.040 
0.0654 


0.043 
0.0654 


0.997 
0.998 


0 
0 


0.083 
0.125 


0.997 
0.998 


0.083 
0.136 


0 
0 


K sn' 


0.999 


0.609 


0.663 


0.999 


0.609 


0.663 


0.999 


0.609 


0.663 


(4) K 
2-48 sn 

P- 1 K sn' 


0.998 
0.999 


0.020 
0.0327 


0.021 
0.0327 


0.998 
0.999 


0 
0 


0.042 
0.064 


0.998 
0.999 


0.042 
0.067 


0 
0 


*cn' 

sn 


0.999 


0.623 


0.649 


0.999 


0.623 


0.649 


0.999 


0.623 


0.649 


where K C] 


n -cos(n a/2)'- 


sin(n0/2) 

. K ' - cos(na/2) 

n*/2 sn 


' K sn' 


sin(n0/2) 
r9/2 


Us 


* _ 2 

P 


+ 1. 


Us ' - 


f- 1 













As obvious from TABLE 2, the skew factor K^" takes th value as larg as 0.6 or abov with the 
distance d in the range of the expression (A) when only the conventional mechanical skewing is applied to 
the slots, while the skew factor takes th value of 0.1 or below or its approximate value wh n only th 
magnetic skewing is applied to the slots. When both of the magnetic and mechanical sk wings are applied 
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to the slots, the skew factor Ks„ is reduced to the value 0.6 times as small as the value of the coefficient 
Ksn 1 , which shows that a sufficient skewing effect is achieved. 

The invention will be described, merely by way of example, with reference to the accompanying 
drawings, in which: 

5 FIG. 1 is a plan view of a steel sheet employed in a rotor core of a squirrel-cage rotor in accordance with 
the present invention; 

FIG. 2 is a partially broken perspective view of the rotor core; 

FIG. 3 shows the magnetic flux distribution in the rotor core for explanation of the operation of the rotor; 
FIG. 4 is a vector diagram representing electromotive forces induced at the rotor bars; 
io FIG. 5 is a perspective view of the rotor core to which the mechanical skewing is applied together, in 
accordance with the present invention; 

FIG. 6 is a perspective view of the rotor core to which only the mechanical skewing is applied; 
FIG. 7 is a vector diagram representing the electromotive forces induced at the rotor bars in the case 
where the mechanical skewing is applied to the rotor core; 
75 FIGS. 8(a) and 8(b) are side views of rotor core for explanation of the effect of the reduction of the 
position torque; 

FIG. 9 is a longitudinal sectional view of a stator and rotor of an electric motor of a first embodiment; 
FIG. 10 is a front view of the steel sheet composing the rotor core of the motor in FIG. 9; 
FIG. 11 is a partially broken perspective view of the rotor core of the motor in FIG. 9; 
20 FIG. 12 is a sectional view of the rotor of the motor in FIG. 9; 

FIG. 13 is a graph showing the characteristic of the motor in FIG. 9; 

FIG. 14 is a front view of the steel sheet composing the rotor core of the rotor of a second embodiment; 
FIG. 15 is an enlarged perspective view of projections of the steel sheet in the second embodiment; 
FIG. 16 is an enlarged sectional view of the steel sheets laminated in the second embodiment; 
25 FIG. 17 is a partially broken perspective view of the rotor core in a third embodiment; 
FIG. 18 is a side view of the rotor core in a fourth embodiment; 
FIG. 19 is a side view of the rotor core in a fifth embodiment; 
FIG. 20 is a side view of the rotor core in a sixth embodiment; 

FIG. 21 is a partially broken perspective view of the rotor core in a seventh embodiment; 
30 FIG. 22 is a front view of the steel sheet composing the rotor core in an eighth embodiment; 

FIG. 23 is a partial sectional view of the rotor core in the eighth embodiment; 

FIG. 24 is a partial sectional view of a stator and rotor of a motor in a ninth embodiment; 

FIG. 25 is a longitudinal sectional view of a stator and rotor of the motor of a tenth embodiment; 

FIG. 26 is a perspective view of a duct forming piece in the tenth embodiment; 
35 FIG. 27 is a perspective view of a core employed in the motor of the tenth embodiment; and 

FIG. 28 is a partial sectional view of the rotor in the tenth embodiment. 

A first embodiment of the present invention will be described with reference to FIGS. 9 to 13. Referring 
first to FIG. 9 illustrating the construction of a stator and rotor of an electric motor in section, a stator 1 1 
comprises a stator core 12 and stator windings 13 embedded in stator slots (not shown). The stator core 12 
40 is formed by laminating a number of steel sheets each having slots formed by way of punching with the 
slots not skewed. 

A squirrel-cage rotor 15 comprises a rotor core 16 formed by laminating a plurality of steel sheets 17 
each having a configuration described later. Each steel sheet 17 has a large number of slots 18 formed 
along the outer circumference thereof such that the: slots 18 axially pass through the rotor core 16. A 

45 rotational shaft 19 is fitted in a center hole of the rotor core 16. Rotor bars 20 are embedded in the 
respective slots 18 of the rotor core 16, for example, by way of aluminum casting. End rings 21 integral with 
the rotor bars 20 are provided at both ends of the rotor core 16, respectively. 

Each of the steel sheets 17 composing the rotor core 16 is formed of a silicon steel sheet and has a 
circular configuration with an outer diameter D. A large number of punched portions 22 for forming the slots 

so 18 are formed along the outer circumference thereof so as to be equally spaced. Each punched portion 22 
comprises a main portion 22a and an additional portion 22b continuously extended from the main punched 
portion 22a toward the outer circumf rence of the rotor 15 and inclined toward one of two sid s along the 
circumference of the rotor 15 relative to the position of the main portion 22a such that each punched portion 
22 has an unsymmetrical configuration. A distal end B of the additional portion 22b is deviated by a 

55 distance d from the center A. The distance d is determined to take a value satisfying the expr ssion (A): 

d = (7rDV(42) (28) 
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A predetermined number of the steel sheets 17 are laminated such that the punched portions 22 are 
completely piled one upon another, that is, the punched portions 22 are not skewed. Thus, a first unit 23 of 
steel sheets 17 is composed so as to have the thickness half the whole thickness L of the rotor core 16. 
Furthermore, a second unit 24 comprises a predetermined number of the reversed steel sheets 17 such 

s that the punched portions 22 are completely piled one upon another. The second unit 23 has the thickness 
half that of the whole thickness L of the rotor core 16. The steel sheets 17 composing the first unit 23 have 
the respective additional portions 22b inclined in one and the same direction and those of the steel sheets 
17 composing the second unit 24 have the respective additional portions 22b inclined in one and the same 
direction. The steel sheets 17 of the second unit 24 are inclined in the direction opposite to that of the steel 

io sheets 17 of the first unit 23 relative to the center A of the main portion 22a. The first and second units 23, 
24 are integrated so that the main portions 22a of the steel sheets 17 composing both of the units 23, 24 
are stacked, thereby composing the rotor core 16. Accordingly, when the rotor 15 is viewed axially of the 
rotational shaft 19, the slots 18 formed by the main portions 22a are extended over the whole length of the 
rotational shaft 19 in parallel therewith and cavities formed by the additional portions 22b in the respective 

/5 units are inclined in the directions opposite to each other. Additionally, the distal ends of the cavities formed 
by the additional portions 22b in the respective units are deviated by the distance 2d from each other. 

According to the above-described construction, each slot 18 of the rotor core 16 extends straight 
through the rotor core 16 in parallel with the rotational shaft 19, each slot 18 has no stepped portions due to 
deviation of the steel sheets 17 on the inner surface of each slot 18. Consequently, where aluminum is cast 

20 into the slots 18 to form the rotor bars 20, occurrence of the defects such as the gas pockets due to the 
stepped portions may be prevented, which can prevent the weight distribution of the rotor 15 from being 
unbalanced. 

Furthermore, the following skewing effect can be achieved in the state that the rotor is rotating. Since 
the distance d is determined by the expression (28) in the foregoing embodiment, the value of phase 
25 difference a represented by the expression (6) is obtained as follows: 

a = pWz (29) 

Accordingly, the values of the skew factor areobtained based on the expressions (7a), (7b) and (8): 
30 (a) with respect to the primary harmonics (n = 1): 
Ks,=cos(g) (30) 

(b) with respect to the us-th harmonics (us = (z/p)±1): 



35 



K =cos 
sn 



7T 

2 



(1±-£-) 



..•(31 ) 



TABLE 3 shows the values of the skew factor when the number z of the stator slots is 36 and the 
40 number p of the pole pairs is 2, for example. 
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TABLE 3 



5 


Slot harmonics 


K 

sn 


K " 
sn 


K 
sn 




order (n) 


a=0.1475 


Rad(=10 deg) 


K " 
sn 




n=1 


0.996 


0.999 


0.997 


70 












5 


0.906 


0.969 


0.935 


»5 


7 


0.819 


0.939 


0.872 




11 


0.574 


0.854 


0.672 


20 












13 


0.423 


0.799 


0.529 


25 


17 


0.987 


0.672 


0.129 




19 


0.087 


0.601 


0.145 



30 

As obvious from TABLE 3, the value of the skew factor in the expression (30) is 0.996 and may be 
approximated to 1 and the values of the skew factor in the expression (31) in the cases of the 17th and 
19th harmonics are 0.087 and may be approximated to 0. In comparison of the skew factor K*, in the 
present invention with the conventional skew factor K^", the values of the skew factor with respect to the 

35 17th and 19th harmonics are reduced to those of 13% to 15% of the values of the conventional skew factor 
Kso". Accordingly, since the harmonic torque is reduced, the occurrence of the abnormal torque is 
restrained and the vibration and noise are reduced. FIG. 13 shows the relationship between the speed of a 
motor employing the squirrel-cage rotor of the embodiment and the torque thereof. The solid line 
represents the characteristic of the motor employing the squirrel-cage rotor of the embodiment and the 

40 broken line represents the characteristic of a motor employing the conventional rotor with skewed slots. An 
alternate long and short dash line represents the characteristics of a motor employing a conventional rotor 
with skewless slots. As obvious from FIG. 13, the torque is reduced immediately after the starting in the 
case of the conventional motor with the skewless rotor slots and the abnormal torque is caused. On the 
other hand, in the motor with the squirrel-cage rotor of the embodiment, reduction of the harmonic torque 

45 improves the torque reduction and the skewing effect is higher than in the conventional motor with the 
skewed rotor slots. This means that the motor is started smoothly as compared with the conventional 
motors and the motor reaches the rated revolution in a short period. 

Although the rotor bars 20 are embedded in the slots 18 by way of aluminum casting in the foregoing 
embodiment, conductor bars may be force fitted in the slots 18 to be used as rotor bars. When such force 

so fitted rotor bars are formed, too, the slots 18 are extended straight through the rotor core in parallel with the 
rotational shaft 19. Consequently, the conductor bars may be force fitted with ease. Furthermore, although 
the slots 18 are of the closed type in the foregoing embodiment, the slots may be of the half-closed type 
wherein th openings are formed so as to be axially extended on the circumferential surface of the rotor 
core 16. Furthermore, although the value of the distanc d is determin d by the xpr ssion (28) in th 

55 foregoing mbodiment, it may be in the range of the expr ssion (A). 

FIGS. 14 to 16 illustrate a second embodiment of the invention. The configuration of the steel sheets 
composing th rotor core in the second embodiment differs from that in th previous embodiment. Each 
steel she t 31 has four projections 32 form d a little to the inner circumference as shown in FIG. 14. As 
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shown in FIG. 15, each projection 32 is formed by cutting and raising a part of an open edge of each 
circular opening 33 and is angularly spaced by 90 degrees from the adjacent one. In the state that the steel 
sheets 31 are laminated, the projections 32 of the lower steel sheet 31 is fitted in recesses formed by the 
projections 32 of the upper steel sheet 31, respectively such that the upper and lower steel sheets are 

5 positioned, as shown in FIG. 16. In the state that the steel sheets 31 are thus positioned, the punched 
portions 22 of each steel sheet 31 lie in a row such that the slots 18 extends straight through the rotor core 
16 in parallel with the shaft 19. One unit is composed into a unit of the steel sheets 31 laminated as 
described above and the other unit is composed into a unit of steel sheets 31 each having the additional 
portions 22b inclined in the direction opposite to that of the additional portions 22b in the one unit These 

to units are integrated to compose the rotor core as in the foregoing embodiment. 

In accordance with the second embodiment, the steel sheets 31 may be positioned when they are 
laminated. Accordingly, a specific jig or technique is not necessitated for positioning the steel sheets 31. 
Furthermore, when the skewing is conventionally applied to the slots of the steel sheets in which the 
projections for connecting the steel sheets to one another are formed by pressing, the positions of the 

is projections need to be slightly deviated from one steel sheet to another. A complicated punching template 
is used for that purpose and an apparatus is used for rotating the punching template every time one 
template is punched out. However, since the skewing is not necessary in the embodiment, the positions of 
the projections 32 need not be deviated relative to the steel sheets 31 . Consequently, a press for punching 
the steel sheets 31 and a punching template may each have a simple construction, which reduces the 

20 production cost. 

FIG. 17 shows a third embodiment. The steel sheets 31 each have the same configuration as those 
employed in the first embodiment but the skewing is applied to the slots of the steel sheets when they are 
laminated. The manner of laminating the steel sheets 31 is described with reference to FIG. 17. A first unit 
41 is formed by laminating a preselected number of the steel sheets 17 such that the positions of the 

25 punched portions 22 are slightly deviated circumferentially. The first unit 41 has the thickness half the 
thickness L of the whole rotor core 16. As a result skewed slots 18 inclined relative to the shaft 19 are 
formed. An amount of skewing in the first unit 41 is determined so that the positions of the steel sheets 17 
are circumferentially deviated by g/2 at both ends of the unit 41 . A second unit is formed by laminating the 
steel sheets 17 so that the additional portions 22b are inclined in the direction opposite to that in the first 

30 unit 41 by reversing the steel sheets 17 and so that the thickness of the lamination is half the thickness of 
the rotor core. The skewed slots 18 having the skewing amount of g/2 are thus formed. The first and 
second units 41, 42 are integrated so that the main portions 22a of the punched portions 22 in both units 
are piled one upon another, thereby composing one rotor core as shown in FIG. 7. Consequently, each slot 
18 of the rotor core 16 is skewed by the distance g as a whole. 

35 In accordance with the above-described construction, the following skewing effect is achieved in the 
state that the rotor is rotating. Since an amount of deviation between the center L of each main portion 22a 
and a distal end T of each additional portion 22b is set based on the expression (28), the value of the phase 
difference a is obtained based on the expression (1): 

40 a= f (32) 

Accordingly, the values of the skew factor areobtained based on the expressions (22a), (22b) and 
(23) as follows: 

(a) with respect to the primary harmonics (n = 1): * 

45 





-EEL 
D 



...(33) 
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(b) with respect to the us-th harmonics (us = (z/p) 1): 



K = cos 
sn 



sin 



g(z±p) 1 



g(ztp) 



.••(34) 



TABLE 4 shows the values of the skew factor when the number z of the stator slots is 36, the number p 
of the pole pairs is 2, and the amount g of skewing is one pitch of the stator slot (g = 7rD/z). Consequently, 
the value of the skew factor in the expression (33) is 0.995 and may be approximated to 1 and the 
values of the skew factor in the expression (34) in the cases of the 17th and 19th harmonics are 0.058 
and 0.052 respectively and may each be approximated to 0. 

TABLE 4 



20 


Slot 


K 

sn 


K ' 

sn 


K " 
sn 


K 

sn 


sn 




harmonics 
order (n) 


a=0.1745Radl 


!=10deg) 




K 1 
sn 


K " 
sn 


25 


8=0.1 745Rad 
(=10deg) 




6=0.1745Rad 
(=10deg) 






n=1 


0.995 


0.996 


0.999 


0.999 


0.996 


30 


5 


0.878 


0.906 


0.969 


0.969 


0.906 




7 


0.769 


0.819 


0.939 


0.939 


0.819 


35 


11 


0.490 


0.574 


0.854 


0.854 


0.574 


40 


13 


0.338 


0.423 


0.799 


0.799 


0.423 




17 


0.058 


0.087 


0.672 


0.672 


0.087 


45 


19 


0.052 


0.087 


0.601 


0.601 


0.087 



In comparison of the skew factor in the present invention with the magnetic skew factor in the 
so case where the magnetic skewing is applied to the rotor slots and the conventional skew factor Ks„". the 
values of the skew factor with respect to the 17th and 19th slot harmonics are reduced to those of 9% of 
the values of th conventional skew factor K^". Those values in the present invention ar reduced to the 
valu s of about 60% in the magnetic sk w factor K^'. Accordingly, since the harmonic torque is reduced, 
the occurrence of the abnormal torque is restrained and the vibration and noise are reduced. 
55 Concerning the position torqu caused depending upon the relationship of the positions of the stator 1 1 
and rotor 15 relative to each oth r at the starting, too, it is largely reduced in the present invention as 
compared with the conventional motor in which the mechanical skewing is applied to th rotor slots. More 
specifically, the amount h of skewing substantially acting as the skewing effect in the present invention is 
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obtained by substituting the expression (28) and the value of g for the expression (26): 



5 



h= g + 2d = 



z 




3 
2 



-..(35). . 



10 



Consequently, although the actual amount of mechanical skewing is g, the skewing effect obtained in 
the present invention is the same as in the case where the mechanical skewing is applied to the rotor with 
the skewing amount of 1.5g. The position torque is thus restrained sufficiently with smaller amount of the 
mechanical skewing. Since this means that the effective sectional area of each slot 18 of the rotor 15 may 

/5 be increased with sufficient skewing effect obtained, reduction of the rotational characteristic and abnormal 
temperature increase of the motor may be restrained. 

FIG. 18 illustrates a fourth embodiment. The magnetic skewing is applied to the slots formed in the 
laminated steel sheets composing both units 51 and 52 of the rotor core 50. Furthermore, the mechanicaJ 
skewing the amount of which is g is applied to the slots of the unit 52. 

20 FIG. 19 illustrates a fifth embodiment. The magnetic skewing is applied to the slots of each of the units 
61 , 62 composing the rotor core 60 and the mechanical skewing in the opposite direction is applied to the 
slots of each unit by the amount g. 

FIG. 20 illustrates a sixth embodiment. The rotor core 70 is composed of four units 71 to 74. The steel 
sheets are laminated such that the additional portions of the steel sheets composing the unit 71 positioned 

25 at one end side of the rotor core and its adjacent unit 72 are inclined in the direction opposite to that of the 
additional portions of the steel sheets composing the unit 74 positioned at the other end side of the rotor 
core and its adjacent unit 73 with the main portions piled one upon another. The magnetic skewing is 
applied to the slots of each of the units 71-74 in the same direction and the amount of skewing is g1 to g4. 
FIG. 21 illustrates a seventh embodiment. In this embodiment, the construction of the third embodiment 

30 in which both of the magnetic skewing and mechanical skewing are used together is combined with the 
construction of the second embodiment in which the positioning projections are formed on each steel sheet. 
More specifically, each of the steel sheets 31 composing the rotor core 80 has four projections 32 formed a 
little to the inner circumference as shown in FIG. 14. As shown in FIG. 15, each projection 32 is formed by 
cutting and raising a part of an open edge of each circular opening 33 and is angularly spaced by 90 

35 degrees from the adjacent one. The projections 32 are diametrically deviated slightly from sheet to sheet 
relative to the punched portions 22. Accordingly, when the steel sheets 31 are laminated, the skewed slots 
inclined axially of the rotor core 80 are formed. One unit is composed into a unit of the steel sheets 31 
laminated as described above and the other unit is composed into a unit of steel sheets 31 each having the 
additional portions 22b inclined in the direction opposite to that of the additional portions 22b in the one 

40 unit. These units are integrated to compose the rotor core 80 as in the second embodiment. 

FIGS. 22 and 23 illustrates an eighth embodiment. The configuration of steel sheets 90 employed in the 
eighth embodiment is shown in FIG. 22. Each punched portion 91 comprises a main portion 91a composing 
the deep slot and an additional portion 91b continuously extended from the main punched portion 91a 
toward the outer circumference of the rotor and inclined toward one of two sides afong the circumference of 

45 the rotor 15 relative to the position of the main portion 91a such that each punched portion 91 has an 
unsymmetrical configuration. Each additional portion 91b is provided with a shoulder portion 91c opposed to 
the distal end of the adjacent additional portion 91b. An interval between one punched portion 91 and the 
adjacent one is approximately uniform from the inner circumferential side to the outer circumferential side of 
the rotor core. Accordingly, where the distance between one punched portion and the adjacent one is 

so represented by k, the distance s f between the additional portions 91b in the embodiment is longer than the 
shortest distance s at the outer circumferential side in the case where the shoulder portion 91c is absent 
and approximately same as the distance k. 

In accordance with the above-described construction, the magnetic fluxes $ entering th rotor core do 
not concentrate upon specific slots and an approximately uniform flux density may be held. More 

55 specifically, where each punched portion 91 is not provided with th should r portion 91c, th above- 
mentioned shortest distance s is shorter than the distance k between the slots for design convenience. As a 
result, th flux density is increas d at th portion of the shortest distanc and th rotor core is overheated at 
this portion or the characteristics of the rotor core is degraded. To prevent such drawbacks, conventionally, 
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the interval between the slots ar increased or the rotor core is rendered large-sized so that the necessary 
flux density is obtained. However, in the embodiment, provision of the shoulder portions 91 c can prevent 
the concentration of the magnetic fluxes and the above-described drawbacks may be overcome. Con- 
sequently, the rotor core may be rendered small in size and light in weight. 

5 FIG. 24 illustrates a ninth embodiment The construction of the rotor core in the ninth embodiment 
differs from that in the eighth embodiment in that the slots are of the double squirrel-cage type. Each 
additional portion 101b is provided with a shoulder portion 101c opposed to the distal end of the adjacent 
additional portion 101b. An interval between a portion 102 of the punched portion 101 forming an outer 
squirrel-cage and the adjacent portion 102 is approximately the same as that between a portion 103 of the 

to punched portion 101 forming an inner squirrel-cage. 

FIGS. 25 to 28 illustrate a tenth embodiment. The configuration of each steel sheet employed in the 
tenth embodiment is the same as that in the first embodiment. The steel sheets are laminated such that first 
and second units 111 and 112 having the directions of inclination of the additional portions opposite to each 
other. In the units 111 and 112, the punched portions of the laminated steel cores provides rotor core 

75 cooling ducts 121 axially extended. The ducts 121 are circumferentially spaced. The rotor bars 20 are 
embedded in the slots 116 formed by the main portions 22a of the laminated steel sheets. Two rotor bar 
cooling ducts 113 and 114 are formed by the additional portions 22b of the laminated steel sheets. The 
positions of the ducts 113, 114 are circumferentially deviated from each other. A predetermined gap 118 is 
provided between the units 111 and 112. The gap 118 communicates between the rotor bar cooling ducts 

20 113, 114 of the respective units axially of the rotor. The stator core 11 is provided with an intermediate 
spacer 119. The axial length of the spacer is equal to that of the rotor core 110. 

The rotor core 110 having the above-described construction is made in the following method. Prior to 
the casting of the rotor bars 20, the units 111, 112 are integrated with the spacer 115 interposed 
therebetween. The spacer 115 is formed from a water-soluble material or any alloy having the melting point 

25 lower than an alloy forming the rotor bars 20. Through-holes 117 are formed in the outer circumference of 
the rotor core 110 so as to correspond to the respective slots 116, as shown in FIG. 26. The opening of 
each hole 117 is larger than that of each punched portion 22. Before the units 111, 112 and the spacer 115 
are integrated, core members 120 also formed from the water-soluble material or any alloy having the 
melting point lower than the alloy forming the rotor bars 20 are previously inserted in the respective slots 

30 116 of the units 111, 112 and the through-holes 117 of the spacer 115. As shown in FIG. 27, each core 
member 120 comprises a main portion 120a fitted in the through-holes 117 of the spacer 115 and two rotor 
core cooling duct forming portion 120b inserted in the cavities formed by the additional portions 22b. Each 
core member 120 has in the main portion 120a a molten metal feed opening 120c having the diameter 
same as each rotor bar 20. The rotor core 110 to which the core members 120 are attached is put into a 

35 die. Then, a suitable amount of molten metal is supplied into the die and the rotor bars 20 and end rings 21 
are integrally formed by die casting. The spacer 115 and the core members 120 are dissolved in water or 
heated after the die casting, thereby removing the spacer 115 and the core members 120. In the case 
where the spacer 115 and the core members 120 are made of the alloy having the melting point lower than 
the rotor bars 20, it is preferable that a slot insulating paint or the like be applied on the surface of each 

40 core 120 and the surface of the spacer 115 to provide a heat-proof coating. Consequently, the cores 120 
may be thermally protected from the molten metal and prevented from being melted during the casting. 

In accordance with the above-described embodiment, the rotor bar cooling ducts 113, 114 and the rotor 
core cooling ducts 121 are formed in each unit 111, 112 and the gap 118 is provided between the units. 
Accordingly, both ends of each rotor bar cooling duct 113; 114-are open. Consequently; since an exterior 

45 air flows into each rotor bar cooling duct 113, 114 as well as the rotor core cooling duct 121, axially flowing, 
the heat may be efficiently radiated from the rotor bars 20 and the rotor core 110. 

Although the rotor bars 20 are embedded in the slots of the rotor core by way of the die casting in the 
foregoing embodiment, they may be force fitted in the slots. Furthermore, the spacer 115 and the core 
members 120 may be integrated as one part. 115 may be at the outer circumferential side of the rotor. 

50 

Claims 

1. A squirrel-cage rotor which comprises a plurality of laminated st el sheets (17) each having a number 
of slot-forming punched portions (22) in an outer circumference ther of, rotor bars (20) emb dded in 
55 slots (18) of a rotor cor (16) formed by the punched portions (22) of the steel sheets (17) laminated, 
respectively, and end rings (21) provided for short-circuiting th rotor bars (20) at both ends of the rotor 
core (16), respectively, characterized in that th steel she ts (17) ar formed into on or a plurality of 
first units (23) of steel sheets (17) and one or a plurality of second units (24) of st el sheets (17), each 
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unit (23. 24) being composed of a plurality of steel sheets (17) each having a plurality of slot-forming 
punched portions (22), each punched portion (22) including a main portion (22a) and an additional 
portion (22b) extended from the main portion (22a) toward the outer circumference of the rotor and 
inclined in the direction of either one of two sides along the circumference of the rotor relative to the 
position of the main portion (22a) such that each punched portion (22) has an unsymmetrical 
configuration, each main portion (22a) having the center deviated from a distal end of each additional 
portion (22b) by a distance d satisfying the following expression (A) circumferentially of the rotor: . . 



ttD ^ TO ...(A) 



4(z+p) 4(z-p) 

where 

D = rotor diameter 

z = the number of stator slots 

p = the number of pole pairs 
each first unit (23) being composed of the steel sheets (17) laminated so that the respective additional 
portions (22b) are inclined in the direction of the one side along the circumference of the rotor relative 
to the positions of the respective main portions (22a) and so that the main portions (22a) are piled one 
upon another, each second unit (24) being composed of the steel sheets (17) laminated so that the 
respective additional portions (22b) are inclined in the direction of the other side along the circum- 
ference of the rotor relative to the positions of the respective main portions (22a) and so that the main 
portions (22a) are piled one upon another. 

A squirrel-cage rotor which comprises a plurality of laminated steel sheets (17) each having a number 
of slot-forming punched portions (22) in an outer circumference thereof, rotor bars (20) embedded in 
slots (18) of a rotor core (16) formed by the punched portions (22) of the steel sheets (17) laminated, 
respectively, and end rings (21) provided for short-circuiting the rotor bars (20) at both ends of the rotor 
core (16), respectively, characterized in that the steel sheets (17) are formed into one or a plurality of 
first units (23) of steel sheets (17) and one or a plurality of second units (24) of steel sheets (17), each 
unit (23, 24) being composed of a plurality of steel sheets (17) each having a plurality of slot-forming 
punched portions (22), each punched portion (22) including a main portion (22a) and an additional 
portion (22b) extended from the main portion (22a) toward the outer circumference of the rotor and 
inclined in the direction of either one of two sides along the circumference of the rotor relative to the 
position of the main portion (22a) such that each punched portion (22) has an unsymmetrical 
configuration, each main portion (22a) having the center deviated from a distal end of each additional 
portion (22b) by a distance d satisfying the following expression (A) circumferentially of the rotor: 



ttD _<rf< trD ...(A) 



4(z+p) 4(z-p) 

where 

D = rotor diameter 

z = the number of stator slots 

p = the number of pole pairs 
each first unit (23) being composed of the steel sheets (17) laminated so that the respective additional 
portions (22b) are inclined in the direction of the one side along the circumference of the rotor relative 
to the positions of the respective main portions (22a) and so that the main portions (22a) are piled one 
upon another, each second unit (24) being composed of the steel sheets (17) laminated so that the 
respectiv additional portions (22b) are inclined in th dir ction of th other side along th circum- 
ference of the rotor relative to the positions of the resp ctive main portions (22a) and so that the main 
portions (22a) are piled one upon another, and further characterized by projections (32) formed on each 
steel sheet (17) so as to be extruded or cut and raised by way of stamping, the projections (32) of each 
steel sheet (17) being engaged with th projections (32) of the adjacent steel sh et (17) when th ste I 
sheets (17) ar laminated. 
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A squirrel-cage rotor according to claim 1, wherein said units (41, 42) of the steel sheets (17) includ at 
least one unit in which the slots (18) are skewed. 

A squirrel-cage rotor according to claim 3, wherein the rotor core (50) comprises one first unit (51) of 
the steel sheets (17) and one second unit (52) of the steel sheets (17) such that the additional portions 
(22b) of the steel sheets (17) of each unit (51, 52) are inclined in the direction opposite to each other, 
either one of the units (51, 52) having skewed slots (18), the other unit having skewless slots (18). 

A squirrel-cage rotor according to claim 3, wherein the rotor core (60) comprises one first unit (61) of 
the steel sheets (17) and one second unit (62) of the steel sheets (17) such that the additional portions 
(22b) of the steel sheets (17) of each unit (23, 24) are inclined in the direction opposite to each other, 
each unit (23, 24) having the slots (18) skewed in the direction opposite to each other. 

A squirrel-cage rotor according to claim 3, wherein the rotor core (70) comprises two first units (71, 72) 
of the steel sheets (17) and two second units (73, 74) of the steel sheets (17) such that the additional 
portions (22b) of the steel sheets (17) of the two units and the other two units are inclined in the 
direction opposite to each other, each unit (71-74) having skewed slots (18). 

A squirrel-cage rotor according to claim 1, wherein the slots (18) of the rotor core (16) are of a deep 
slot type and the distance between each punched portion (91) and the adjacent punched portion (91) is 
approximately equal in a section from the inner circumferential side to the outer circumferential side of 
the rotor core (16). 

A squirrel-cage rotor according to claim 1, wherein the slots (18) of the rotor core (16) are of a double 
squirrel-cage type having inner and outer squirrel-cage portions and the distance between a portion of 
each punched portion (101) composing the outer squirrel-cage and a portion of the adjacent punched 
portion (101) composing the outer squirrel-cage is approximately equal to the distance between a 
portion of each punched portion (101) composing the inner squirrel-cage and a portion of the adjacent 
punched portion (101) composing the inner squirrel-cage. 

A squirrel-cage rotor which comprises a plurality of laminated steel sheets (17) each having a number 
of slot-forming punched portions (22) in an outer circumference thereof, rotor bars (20) embedded in 
slots (18) of a rotor core (16) formed by the punched portions (22) of the steel sheets (17) laminated, 
respectively, and end rings (21) provided for short-circuiting the rotor bars (20) at both ends of the rotor 
core (16). respectively, characterized in that the steel sheets (17) are formed into one or a plurality of 
first units (111) of steel sheets (17) and one or a plurality of second units (112) of steel sheets (17), the 
units (111, 112) being stacked with a gap (118) between each unit (111, 112), each unit (111, 112) 
being composed of a plurality of steel sheets (17) each having a plurality of slot-forming punched 
portions (22), each punched portion (22) including a main portion (22a) and an additional portion (22b) 
extended from the main portion (22a) toward the outer circumference of the rotor and inclined in the 
direction of either one of two sides along the circumference of the rotor relative to the position of the 
main portion (22a) such that each punched portion (22) has an unsymmetrical configuration, each main 
portion (22a) having the center deviated from a distal end of each additional portion (22b) by a distance 
d satisfying the following expression (A) circumferentially of the rotor: 



ttD < d < ttD 
4(2+p) 4<z-p) 



where 

D = rotor diameter 

z = the number of stator slots 

p= the number of pol pairs 
each first unit (111) being composed of the ste I sheets (17) laminated so that the respective additional 
portions (22b) are inclined in the direction of the one side along the circumference of the rotor relative 
to the positions of th respective main portions (22a) and so that the main portions (22a) are pil d one 
upon another, each second unit (112) being composed of the steel sheets (17) laminat d so that the 
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respective additional portions (22b) are inclined in th direction of the other side along the circum- 
ference of the rotor relative to the positions of the respective main portions (22a) and so that the main 
portions (22a) are piled one upon another, each unit (111, 112) of the steel sheets (17) having cooling 
air paths (113, 114). 

Patentanspriiche 

1. Kafiglaufer, umfassend eine Vielzahl von geschichteten Stahlblechen (17) mit jeweils einer Anzahl von 
nutbildenden Stanzbereichen (22) in einem AuBenumfang derselben, Lauferstabe (20), die jeweils in 
durch die Stanzbereiche (22) der geschichteten Stahlbleche (17) gebildete Nuten (18) eines Laufer- 
kerns (16) eingebettet sind, und zum KurzschlieBen der Lauferstabe (20) an beiden Enden des 
Lauferkerns (16) vorgesehene Endringe (21), dadurch gekennzeichnet, dafl die Stahlbleche (17) zu 
einer Oder mehreren ersten Einheiten (23) aus Stahlblechen (17) und einer oder mehreren zweiten 
Einheiten (24) aus Stahlblechen (17) geformt sind, jede Einheit (23, 24) aus einer Vielzahl von 
Stahlblechen (17) mit jeweils einer Anzahl von nutbildenden Stanzbereichen (22) besteht, jeder 
Stanzbereich (22) ein Hauptteil (22a) und ein von letzterem in Richtung auf den AuBenumfang des 
Laufers abgehendes und in der Richtung von einer von zwei Seiten langs des Umfangs des Laufers 
relativ zur Lage des Hauptteils (22a) geneigtes Zusatzteil (22b) aufweist, derail, dafl jeder Stanzbereich 
(22) eine asymmetrische Konfiguration aufweist, das Zentrum bzw. die Mittellinie eines jeden Hauptteils 
(22a) von einem distalen Ende jedes Zusatzteils (22b) in Umfangsrichtung des Laufers in einem 
Abstand d versetzt ist, welcher der folgenden Bedingung (expression) (A) genUgt: 

ttD < *D ...(A) 

4(z+p) 4(z-p) 



worin bedeuten: 

D = Lauferdurchmesser 

z = Zahl der Standernuten 

p = Zahl der Polpaare, 
jede erste Einheit (23) aus den Stahlblechen (17) besteht, die so geschichtet sind, dafl die jeweiligen 
Zusatzteile (22b) langs des Umfangs des Laufers relativ zu den Lagen der jeweiligen Hauptteile (22a) in 
der Richtung der einen Seite geneigt sind, und so, dafl die Hauptteile (22a) ubereinander gestapelt 
bzw. (fluchtend) ubereinandergelegt sind, (und) jede zweite Einheit (24) aus den Stahlblechen (17) 
besteht, die so geschichtet sind, dafl die jeweiligen Zusatzteile (22b) langs des Umfangs des Laufers 
relativ zu den Lagen der jeweiligen Hauptteile (22a) in der Richtung der anderen Seite geneigt sind, 
und so, daB die Hauptteile (22a) Ubereinander gestapelt bzw. (fluchtend) Ubereinandergelegt sind. 

2. Kafiglaufer, umfassend eine Vielzahl von geschichteten Stahlblechen (17) mit jeweils einer Anzahl von 
nutbildenden Stanzbereichen (22) in einem AuBenumfang derselben, Lauferstabe (20), die jeweils in 
durch die Stanzbereiche (22) der geschichteten Stahlbleche (17) gebildete Nuten (18) eines Laufer- 
kerns (16) eingebettet sind, und zum KurzschlieBen der Lauferstabe (20) an beiden Enden des 
Lauferkerns (16) vorgesehene Endringe (21), dadurch gekennzeichnet dafl die Stahlbleche (17) zu 
einer oder mehreren ersten Einheiten (23) aus Stahfblechen (17)- und einer oder mehreren zweiten 
Einheiten (24) aus Stahlblechen (17) geformt sind, jede Einheit (23, 24) aus einer Vielzahl von 
Stahlblechen (17) mit jeweils einer Anzahl von nutbildenden Stanzbereichen (22) besteht, jeder 
Stanzbereich (22) ein Hauptteil (22a) und ein von letzterem in Richtung auf den AuBenumfang des 
Laufers abgehendes und in der Richtung von einer von zwei Seiten langs des Umfangs des Laufers 
relativ zur Lage des Hauptteils (22a) geneigtes Zusatzteil (22b) aufweist, derart, dafl jeder Stanzbereich 
(22) eine asymmetrische Konfiguration aufweist, das Zentrum bzw. die Mittellinie eines jeden Hauptteils 
(22a) von einem distalen Ende jedes Zusatzteils (22b) in Umfangsrichtung des Laufers in einem 
Abstand d vers tzt ist, welcher d r folgenden Bedingung (expression) (A) genugt: 

— 2LI2 <r\< ttD 

4(z+p)~ ~4(z-p) • • • IAJ 



worin bedeuten: 
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D = Lauferdurchmesser 

z = Zahl der Standernuten 

p = Zahl der Polpaare, 
jede erste Einheit (23) aus den Stahlblechen (17) besteht, die so geschichtet sind, dafl die jeweiligen 
5 Zusatzteile (22b) langs des Umfangs des Laufers relativ zu den Lagen der jeweiligen Hauptteile (22a) in 
cfer Richtung der einen Seite geneigt sind, und so, dafl die Hauptteile (22a) ubereinander gestapelt 
bzw. (fluchtend) ubereinandergelegt sind, (und) jede zweite Einheit (24) aus den Stahlblechen (17) 
besteht, die so geschichtet sind, dafl die jeweiligen Zusatzteile (22b) langs des Umfangs des Laufers 
relativ zu den Lagen der jeweiligen Hauptteile (22a) in der Richtung der anderen Seite geneigt sind, 
70 und so, dafl die Hauptteile (22a) ubereinander gestapelt bzw. (fluchtend) Ubereinandergelegt sind, und 
ferner gekennzeichnet durch an jedem Stahlbiech (17) durch Extrudieren Oder Einschneiden und 
Hochdrucken durch Pragen geformte Vorsprunge Oder Lappen (32), wobei die Lappen (32) eines jeden 
Stahlblechs (17) bei geschichteten Stahlblechen (17) mit den Lappen (32) des benachbarten Stahl- 
blechs (17) zusammengreifen. 

75 

3. Kafiglaufer nach Anspruch 1, wobei die Einheiten (41, 42) aus den Stahlblechen (17) mindestens eine 
Einheit umfassen, in welcher die Nuten (18) schraggestellt sind. 

4. Kafiglaufer nach Anspruch 3, wobei der Lauferkern (50) eine erste Einheit (51) aus den Stahlblechen 
20 (17) und eine zweite Einheit (52) aus den Stahlblechen (17) umfafit, derart, daB die Zusatzteile (22b) der 

Stahlbleche (17) jeder Einheit (51 , 52) in zueinander entgegengesetzten Richtungen geneigt sind, 
wobei eine der Einheiten (51, 52) schraggestellte Nuten (18), die andere Einheit schragungslose Nuten 
(18) aufweist. 

25 5. Kafiglaufer nach Anspruch 3, wobei der Lauferkern (60) eine erste Einheit (61) aus den Stahlblechen 
(17) und eine zweite Einheit (62) aus den Stahlblechen (17) umfafit, derart, daB die Zusatzteile (22b) der 
Stahlbleche (17) jeder Einheit (23, 24) in zueinander entgegengesetzen Richtungen geneigt sind, wobei 
in jeder Einheit (23, 24) die Nuten (18) in der (den) zueinander entgegengesetzten Richtung(en) 
schra'ggestellt sind. 

30 

6. Kafiglaufer nach Anspruch 3, wobei der Lauferkern (70) zwei erste Einheiten (71 , 72) aus den 
Stahlblechen (17) und zwei zweite Einheiten (73, 74) aus den Stahlblechen (17) aufweist, derart, daB die 
Zusatzteile (22b) der Stahlbleche (17) der beiden Einheiten und der anderen beiden Einheiten in 
zueinander entgegengesetzter Richtung geneigt sind, wobei jede Einheit (71 - 74) schraggestellte 

35 Nuten (18) aufweist. 

7. Kafiglaufer nach Anspruch 1, wobei die Nuten (18) des Lauferkerns (16) von einem Tiefnuttyp sind und 
der Abstand zwischen jedem Stanzbereich (91) und dem benachbarten Stanzbereich (91) in einem 
Schnitt von der Innenumfangsseite zur AuBenumfangsseite des Lauferkerns (16) etwa gleich (groB) ist. 

40 

a Kafiglaufer nach Anspruch 1, wobei die Nuten (18) des Lauferkerns (16) von einem Doppelkafigtyp mit 
inneren und MuBeren Ka'figabschnitten sind und der Abstand zwischen einem Abschnitt eines jeden 
Stanzbereichs (101), den auBeren Kafig bildend, und einem Abschnitt des benachbarten Stanzbereichs 
(101), den auBeren Kziflg bildend, etwa gleich dem Abstand zwischen einem* Abschnitt eines- jeden 
45 Stanzbereichs (101), den inneren Kafig bildend, und einem Abschnitt des benachbarten Stanzbereichs 
(101), den inneren Kafig bildend, ist. 

9. Kafiglaufer, umfassend eine Vielzahl von geschichteten Stahlblechen (17) mit jeweils einer Anzahl von 
nutbildenden Stanzbereichen (22) in einem AuBenumfang derselben, Lauferstabe (20), die jeweils in 

so durch die Stanzbereiche (22) der geschichteten Stahlbleche (17) gebildete Nuten (18) eines Laufer- 
kerns (16) eingebettet sind, und zum KurzschlieBen der Lauferstabe (20) an beiden Enden des 
Lauferkerns (16) vorgesehen Endringe (21), dadurch gekennzeichnet, daB die Stahlbl che (17) zu 
einer Oder mehreren rst n Einh iten (111) aus Stahlblechen (17) und einer oder mehreren zweit n 
Einheiten (112) aus Stahlblechen (17) geformt sind, di Einheiten (111, 112) mit einem Spalt (118) 

55 zwischen jeder Einheit (111, 112) gestapelt sind, jed Einheit (111, 112) aus einer Vielzahl von 
Stahlblechen (17) mit jeweils einer Anzahl von nutbildenden Stanzbereichen (22) best ht, jeder 
Stanzbereich (22) ein Hauptteil (22a) und ein von letzterem in Richtung auf den AuBenumfang d s 
Laufers abgehendes und in der Richtung von einer von zwei Seiten I3ngs des Umfangs des LSufers 
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relativ zur Lage des Hauptteils (22a) geneigtes Zusatzteil (22b) aufweist, derart, daB jeder Stanzbereich 
(22) eine asymmetrische Konfiguration aufweist, das Zentrum bzw. die Mittellinie eines jeden Hauptteils 
(22a) von einem distalen Ende jedes Zusatzteils (22b) in Umfangsrichtung des Laufers in einem 
Abstand d versetzt ist, welcher der folgenden Bedingung (expression) (A) genugt: 

*P <d< tP ... (A) 

4(z+p) ^ 4<z-p) 

worin bedeuten: 

D = Lauferdurchmesser 

z = Zahl der Standernuten 

p = Zahl der Polpaare, 
jede erste Einheit (111) aus den Stahiblechen (17) besteht, die so geschichtet sind, daB die jeweiligen 
Zusatzteile (22b) langs des Umfangs des Laufers relativ zu den Lagen der jeweiligen Hauptteile (22a) in 
der Richtung der einen Seite geneigt sind, und so, daB die Hauptteile (22a) ubereinander gestapelt 
bzw. (fluchtend) Ubereinandergelegt sind, (und) jede zweite Einheit (112) aus den Stahiblechen (17) 
besteht, die so geschichtet sind, dafl die jeweiligen Zusatzteile (22b) langs des Umfangs des Laufers 
relativ zu den Lagen der jeweiligen Hauptteile (22a) in der Richtung der anderen Seite geneigt sind, 
und so, daB die Hauptteile (22a) ubereinander gestapelt bzw. (fluchtend) Ubereinandergelegt sind, 
wobei jede Einheit (111, 112) aus den Stahiblechen (17) Kuhlluftdurchgange (113, 114) aufweist. 

Revendlcatlons 

1. Rotor a cage d'dcureuil comprenant plusieurs toles feuilletees (17) d'acier ayant chacune un certain 
nombre de parties poingonrfees (22) de formation de fentes a sa circonference externe, des barres (20) 
de rotor incorporees aux fentes (18) d'un noyau (16) de rotor formees par les parties poinconnees (22) 
des toles feuilletees (17) d'acier, et des anneaux d'extremife (21) destines a mettre en court-circuit les 
barres (20) de rotor aux deux extrSmitSs du noyau (16) du rotor, caracferise* en ce que les toles (17) 
d'acier sont mises sous forme d'un ou plusieurs premiers ensembles (23) de toles (17) d'acier et un ou 
plusieurs seconds ensembles (24) de toles (17) d'acier, chaque ensemble (23, 24) etant compose de 
plusieurs toles (17) d'acier ayant chacune plusieurs parties poingonnges (22) formant des fentes, 
chaque partie poingonrfee (22) comprenant une partie principale (22a) et une partie suppfementaire 
(22b) prolongeant la partie principale (22a) vers la circonference externe du rotor et inclinee dans le 
sens de Tun ou I'autre des deux cofes suivant la circonference du rotor par rapport a la position de la 
partie principale (22a) afin que chaque partie poingonn^e (22) ait une configuration asymetrique, 
chaque partie principale (22a) ayant son centre presentant un ecart par rapport a une extremite externe 
de chaque partie supplemental (22b) d'une distance d correspondant a ['expression suivante (A) dans 
la direction circonferentielle du rotor : 

*D/4(z + p) S d £ »D/4(z - p) (A) 

D etant le diametre du rotor, z le nombre de fentes de stator et p le nombre de paires de poles, 
chaque premier ensemble (23) etant compose* de toles feuilletees (17) d'acier de maniere que les 
parties suppfementaires respectives (22b) soient inclines dans le sens du premier cote* suivant la 
circonference du rotor par rapport aux positions des parties principales respectives (22a), et de maniere 
que les parties principales (22a) soient empires les unes sur les autres. chaque second ensemble (24) 
etant compose* de toles feuilletees (17) d'acier de maniere que les parties suppiementaires respectives 
(22b) soient inclindes dans le sens de I'autre cote suivant la circonference du rotor par rapport aux 
positions des parties principales respectives (22a) et de maniere que les parties principales (22a) soient 
empifees les unes sur les autres. 

2. Rotor a cage d'£cureuil, qui comprend plusieurs t6les feuillefees (17) d'acier ayant chacune un certain 
nombre de parties poingonnees (22) formant des fentes a une circonference externe, d s barres (20) 
de rotor incorporees aux fentes (18) d'un noyau (16) de rotor forme s par les parties poingonrfees (22) 
des toles feuillefees (17) d'acier, et des anneaux (21) d'extremife destines a mettre en court-circuit les 
barres (20) de rotor aux deux extremifes du noyau (16) du rotor, caracferise en ce que les toles (17) 
d'acier sont mises sous form d'un ou plusi urs premiers ensembles (23) d toles (17) d'acier et d'un 
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ou plusieurs seconds ensembles (24) de toles (17) d'acier, chaque ensemble (23, 24) etant compose 
de plusieurs toles (17) d'acier ayant chacune plusieurs parties poingonnges (22) formant d s fent s, 
chaque partie poingonnee (22) comprenant une partie principale (22a) et une parti supplem ntaire 
(22b) prolongeant la partie principale (22a) vers la circonference externe du rotor et incline* e dans le 
5 sens de Tun des deux cotes suivant la circonference du rotor par rapport & la position de la partie 
principale (22a), afin que chaque partie poingonnee (22) ait une configuration asymetrique, chaque 
partie principale (22a) ayant un centre presentant un ecart par rapport a une extrgmite* externe de 
chaque partie supplemental (22b) egal & une distance d correspondant a I'expression suivante (A) 
dans la direction circonferentielle du rotor : 

io 

*D/4(z + p) 25 d S *D/4(z - p) (A) 

D etant le diametre du rotor, z le nombre de fentes de stator et p le nombre de paires de poles, 
chaque premier ensemble (23) etant compose de toles feuilletees (17) d*acier de maniere que les 

75 parties supplementaires respectives (22b) soient inclinees dans le sens du premier cote* suivant la 
circonference du rotor par rapport aux positions des parties principales respectives (22a) et de maniere 
que les parties principales (22a) soient empires les unes sur les autres, chaque second ensemble (24) 
etant compose* de toles feuilletees (17) d'acier de maniere que les parties supplementaires respectives 
(22b) soient inclinees dans le sens de I'autre cote suivant la circonference du rotor, par rapport aux 

20 positions des parties principales respectives (22a), et de maniere que les parties principales (22a) 
soient empilees les unes sur les autres, et caracterise en outre par des saiilies (32) formees sur chaque 
tole (17) d'acier par extrusion ou decoupe et mise en saillie par emboutissage, les saiilies (32) de 
chaque tole (17) d'acier coope>ant avec les saiilies (32) de la tole adjacente (17) d'acier lorsque les 
toles (17) d'acier sont feuilletees. 

25 

3. Rotor a cage d'ecureuil selon la revendication 1, dans lequei les ensembles (41, 42) de toles (17) 
d'acier comprennent au moins un ensemble dans lequei les fentes (18) sont inclinees. 

4. Rotor h cage d'ecureuil selon la revendication 3, dans lequei le noyau (50) du rotor comporte un 
30 premier ensemble (51) de toles (17) d'acier et un second ensemble (52) de toles (17) d'acier, afin que 

les parties supplementaires (22b) des toles (17) d'acier de chaque ensemble (51, 52) soient inclinees 
en sens opposes, I'un des ensembles (51, 52) ayant des fentes inclinees (18) et I'autre des fentes non 
inclinees (18). 

35 5. Rotor & cage d'ecureuil selon la revendication 3, dans lequei le noyau (60) du rotor comporte un 
premier ensemble (61) de toles (17) d'acier et un second ensemble (62) de toles (17) d'acier afin que 
les parties supplementaires (22b) des tdles (17) d'acier de chaque ensemble (23, 24) soient inclinees 
en sens opposes, les ensembles (23, 24) ayant des fentes (18) qui sont inclinees en sens opposes. 

40 6. Rotor h cage d'ecureuil selon la revendication 3, dans lequei le noyau (70) du rotor comprend deux 
premiers ensembles (71, 72) de toles (17) d'acier et deux seconds ensembles (73, 74) de toles (17) 
d'acier afin que les parties supplementaires (22b) des tdles (17) d'acier des deux ensembles et des 
deux autres ensembles soient inclinees en sens opposes, chaque ensemble (71 k 74) ayant des fentes 
inclinees (18). * 

45 

7. Rotor a cage d'ecureuil selon la revendication 1, dans lequei les fentes (18) du noyau (16) du rotor sont 
du type & fentes profondes et la distance comprise entre chaque partie poingonnee (91 ) et la partie 
poingonnee adjacente (91) est approximativement egale en coupe du cote circonferentiel interne au 
cote circonferentiel externe du noyau (16) du rotor. 

50 

8. Rotor & cage d'ecureuil selon la revendication 1, dans lequei les fentes (18) du noyau (16) du rotor sont 
du type & double cage d'ecureuil ayant des parties de cage interne et de cage externe, et la distance 
comprise entre une partie de chaque partie poingonnee (101) composant la cage externe et une partie 
de la partie poingonnee adjacent (101) formant (a cage externe est approximativement egale & cell 

55 compris entre une partie d chaque partie poingonnee (101) composent la cage intern et une partie 
de la partie poingonnee adjacente (101) composant la cage interne. 
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Rotor a cage d'ecureuil qui comprend plusieurs toles feuilletees (17) d'acier ayant chacune un certain 
nombre de parties poingonnees (22) formant des fent s a une circonferenc externe, des barres (20) 
d rotor enrobees dans des fentes (18) d'un noyau (16) de rotor formees par les parties poingonnees 
(22) des toles feuilletees (17) d'acier, et des anneaux d'extremite (21) d stints b mettr en court-circuit 
les barres (20) de rotor aux deux extremites du noyau (16) du rotor, caracterise en ce que les toles (17) 
d'acier sont mises en un ou plusieurs premiers ensembles (111) de toles (17) d'acier et un ou plusieurs 
seconds ensembles (112) de toles (17) d'acier, les ensembles (111.112) etant empiies avec un espace 
(118) entre les ensembles adjacents (111, 112), chaque ensemble (111. 112) etant compose de 
plusieurs toles (17) d'acier ayant chacune plusieurs parties poingonnees (22) de formation de fentes, 
chaque partie poingonnee (22) comprenant une partie principale (22a) et une partie supplemental 
(22b) depassant de la partie principale (22a) vers la circonference externe du rotor et inclinee dans le 
sens de I'un des deux cotes suivant la circonference du rotor par rapport h la position de la partie 
principale (22a), afin que chaque partie poingonnee (22) ait une configuration asymetrique, chaque 
partie principale (22a) ayant son centre qui s'ecarte d'une extremite externe de chaque partie 
supplemental (22b) d'une distance d correspondant k Pexpression suivante (A) suivant la circonferen- 
ce du rotor : 

*D/4(z + p) £ d S *D/4(z - p) (A) 

D etant le diametre du rotor, z le nombre de fentes de stator et p le nombre de paires de poles, 
chaque premier ensemble (111) etant compose de toles feuilletees (17) d'acier afin que les parties 
suppiementaires respectives (22b) soient inclinees dans le sens d'un premier cote suivant la circonfe- 
rence du rotor par rapport aux positions des parties principals respectives (22a) et de manure que les 
parties principles (22a) soient empilees les unes sur les autres, chaque second ensemble (112) etant 
compose de toles feuilletees (17) d'acier de maniere que les parties suppiementaires respectives (22b) 
soient inclinees dans le sens de I'autre cote suivant ia circonference du rotor par rapport aux positions 
des parties principales respectives (22a) et de maniere que les parties principals (22a) soient 
empires les unes sur les autres, chaque ensemble (111, 112) de toles (17) d'acier ayant des trajets 
pour la circulation d'air de refroidissement (113, 114). 
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